ABSTRACT
INTRODUCTION
Natural products particularly eugenol has been investigated for further chemical transformation [1] [2] , [3] , chemical transformation of this compound to the new cyclic sulfonic ester derivative was reported. Eugenol (4-Allyl-2-methoxyphenol), a constituent of clove, has been used for antibacterial [4] , acaricidal [5] , anti-Helicobacter [6] , and antiproliferative [7] . It is used in the form of a paste or mixture as dental cement, filler, and restorative material. Plant oils, including clove, may be used in livestock to inhibit microbial fermentation in waste products. Clove oil may be found in high concentration licorice (glycyrrhizin) products to prevent gel formation in an aqueous solution [8] .
The therapeutic benefits of eugenol are well known. In recent times, it has been studied for a variety of promising biological properties. It has been reported to participate in photochemical reactions and to possess insecticidal, antioxidant, anti-inflammatory, anticancer activities [9] . In view of these evidences on biological properties of eugenol, to enhance intrinsic activity of this natural compound. In the present preliminary work, new cyclic derivative was successfully transformed from eugenol in moderate yield.
SHORT COMMUNICATION
Conditions: a. CH2Cl2/ClSO3H reflux 15 min, 64%
Scheme 1. Isolation and transformation of eugenol

EXPERIMENTAL SECTION
Materials
Unless otherwise stated, all chemical reagents were purchased with the highest commercially available purity (Merck and Sigma) and were used without previous purification. The material used included: clove buds, dichloromethane, hexane, chlorosulfuric acid, sodium hydroxide, methanol, analytical thin layer chromatography. C-NMR, and DEPT spectra are directly reproduced throughout. They were generally recorded in CDCl 3 on a Bruker spectrometer at 400 MHz.
Instrumentation
GC-MS
Procedure
Extraction and GC-MS Analysis
Dried clove buds (100 g) was grounded to fine particles and percolated with dichloromethane (200 mL) and kept for 24 h and then the liquid extract was filtered and evaporated to afford yellowish oil (12 g). This oil was analyzed by GC-MS to confirm the presence of eugenol.
Isolation of eugenol
Medium pressure liquid chromatography was employed to separate eugenol (1) from the clove oil (2 g). Gradient elution starting with 100% hexane and increased by the following hexane/dichloromethane ratio : 4/1, 3/2, 1/1, and 0/100). Twenty-five fractions were collected from this elution. Fractions shown to be identical by thin layer chromatography were combined and evaporated in vacuo. Fractions 1, 2, and 3 were combined affording oil (50 mg). Fractions 6 to 12 were combined affording yellowish oil (1.46 g) (73%). This oil was identified as eugenol (1) 
Synthesis of cyclic sulfonic ester derivative
To stirred solution of eugenol (1) (100 mg, 0.5 mmol) in dichloromethane (20 mL) was added chlorosulfuric acid (2 mL) drop by drop. The solution was stirred at room temperature for 30 min then refluxed for 15 min. The solution was evaporated and water (10 mL) then added, basified to pH 8 with 1M sodium hydroxide, then extracted with dichloromethane. The organic phase was dried and evaporated to dryness to give an amorphous gray solid, 72% of (3) 
RESULT AND DISCUSSION
The addition of chlorosulfuric acid to asymmetrically substituted alkenes or benzene such as eugenol leads to single product (3). The single product (3) is predicted by the Markovnikov rule, which states that when a chlorosulfuric acid is added to an asymmetrically substituted alkene, the major product results from the addition of the hydrogen atom to the double-bonded carbon that is attached to more hydrogen atoms, while chlorosulfuric ion adds to the other double-bonded carbon. This arrangement creates a more stable carbocation intermediate then cyclised to the benzene ring by eliminating of HCl. Product (2) was (3) not observed from the reaction due to competitive reaction between asymmetric alkene and benzene ring.
Chemical transformations of eugenol to its derivatives were analyzed by GC-MS. GC-MS is a rapid instrument to analyze crude products of chemical transformation before further works such isolation and purification. GC-MS analysis of the reaction of eugenol (1) with chlorosulfuric acid was proposed mainly produced 4-Allyl-2-methoxy-6-sulfuricphenol (2) (Scheme 1) but the 1 H-NMR analyses suggested that compound (2) was not present. A major component of this crude product which represented new cyclic sulfonic ester derivative (3). This compound was recrystallized in Methanol to give white needles (64%) and confirmed by its mass spectrum which showed the molecular ion at m/z 244 corresponding to molecular formula C 10 H 12 SO 5 On the basis of spectroscopic evidence and mechanistic considerations, the cyclic form of sulfonic ester derivative structure was proposed for (3). 1 H and 13 C-NMR analyses confirmed the cyclic form of sulfonic ester derivative (3) (Fig. 1) and excluded the 4-Allyl-2-methoxy-6-sulfuricphenol (2) as proposed in Scheme 1. Fig. 1 showed additional methyl group as a doublet at δ 1.58 which gave appropriate information about cyclic sulfonic ester derivative (3) compare to 4-Allyl-2-methoxy-6-sulfuricphenol (2). This analysis was supported by 13 C-NMR and DEPT which gave 4 quaternary carbons, 3 methine carbons, 1 methylene carbon, and 2 methyl carbons. Generally, the 1 H-NMR spectrum supported the proposed structure (3).
Proposed mechanism for the formation of the new cyclic product (3) was shown by Scheme 2.
In the first stage, the chemical basis for Markovnikov's Rule is the transformation of the most stable carbocation during the addition process [10] [11] . The addition of the hydrogen from H-OSO 2 Cl to one carbon atom in the double bond of allyl group of Eugenol (1) creates a positive charge on the other carbon, forming a carbocation intermediate (1a). The more substituted the carbocation the more stable it is, due to induction and hyperconjugation effects [11] . The carbocation C2' is more stable than carbocation C1' and -OSO 2 Cl will attack the carbocation C2' leads to the formation of intermediate (1b). However, the other less substituted C1' or less stable carbocation C1' will still be formed, and will proceed to form the minor product with the opposite attachment of -OSO 2 Cl but such intermediate is not detected from the GC-MS and NMR analyses.
In the second stage of the reaction, a base donates electrons to the hydrogen atom and generated the losses of HCl to afford cyclic product (3).
Preliminary bioassay of eugenol and its derivatives showed biological activities against Eschericia coli, Bacillus cereus, and Staphylococcus aureus. Highest inhibition was shown by eugenol which gave wide inhibition spectrums compared its derivatives. Selective inhibition was performed by cyclic sulfonic ester derivative (3) which could inhibited Eschericia coli and Staphylococcus aureus but not for Bacillus cereus [3] .
CONCLUSION
Eugenol (1) Isolated from Clove Oil has been transformed through Markovnikov intermediate to new cyclic sulfonic ester derivative (3) in moderate yield.
